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Safety requires P, = P;
or, 2.75P, < 1385 kN/m
Therefore, the maximum safe axial load = 1385/2.75 = 503.64 kN/m. Ans.

3-3 FLEXURE OF UNREINFORCED MASONRY

When masonry walls are subjected to transverse loading, such as wind pressure,
bending takes place and, in the absence of significant axial compression, tensile stresses
are introduced into the wall. If the wall is not reinforced, the tensile stresses must be
resisted by the component that is weakest in tension - namely the bond between mortar
and unit. Consequently, the effective area governs flexural calculations.

Because masonry is many times stronger in compression than in tension, the
compressive stress is relatively low and likely to be within the linear range of the
stress/strain relationship. Consequently, the flexural stresses are calculated from the well
known elastic expression

f=+ Mc/l =+ M/S (3-7)
where
M = bending moment;
I = moment of inertia of the net section;
¢ = distance of the extreme fibre of the section from the
centroid of the net section
= 1/2¢, where ¢t = wall thickness;
S = elastic section modulus = I/c
If ‘axial compression P is also present in the wall, the stresses become
f= PlA, + M/S (3-8)
Bending can take place in one of two directions: -
a) the wall can span vertically, as in Fig. 3-6 where it is laterally supported at the

top and bottom, and tensile stresses are perpendicular to the bed (that is,
horizontal) joints, as is evident from the failure mode; or,

b) the wall can span horizontally, as shown in Fig. 3-7 where it is laterally
supported by vertical columns (or masonry pilasters), and tensile stresses are
parallel to the bed joints. In this case the tensile effects result in a shearing
action, as shown in the failure mode.

S304.1 recognizes that tensile resistance is greater in b) than in a). Table 6 of
the standard gives the flexural tensile strength, both normal and parallel to the bed joints,
for clay and concrete units with type S or N mortar. :
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Fig. 3-6 Wall With Vertical Span

- Note that in the calculation of M, simple spans are normally assumed. This is
because vertical control joints (discussed in later chapters), which do not transmit
moments, are likely to be present.
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Fig. 3-7 Wall With Horizontal Span

EXAMPLE 3-5 The unreinforced, ungrouted 200 concrete block wall shown in Fig. 3-8,
spans horizontally between vertical columns spaced 4 m apart, and is subjected to a wind
load of p = 1.0 kN/m?. Iftype S mortar has been used and if the mean mortar bed width
is 37.7 mm, what are the stresses developed in the wall by the factored load?
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A 1.0 m strip of wall is analyzed (see Fig. 3-8) and the section effective in
resisting bending is shown in Fig. 3-9, x-x being the axis of bending.
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Fig. 3-8 Wall of Example 3-5 Fig. 3-9 Effective Section

For a 1.0 m strip

Recalling that the load factor ot =1.5 for wind, then the factored wind is
wr = o p = 15X 1.0kN/m* X 1 m = 1.5 kN/m;

span L =4.0m

Assuming simple spans, the moment is found as

wL? _ 1,540

= 3.0 kN-m=3.0(10) N-mm

xT g g
N 3 3
= 10000190F _ 1000114.67 _ 456 51095 rms
| 12 ,
6
s =21 jr = 2446-DU07 _ 4 70(10)6 mm?

190
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ive in j Therefore the bending stress is
.“ 6
: F=ms = 3000 _ 4 64 MPa Ans.
4.70(10)°

i

Note that since the wind can act in any direction, the wind stresses in the wall
f are = + 0.64 MPa. From Table 6, S304.1, the limiting flexural tensile strength for this
wall is f; = 0.9 MPa and the factored tensile strength is ¢,f, = 0.55(0.9) = 0.50 MPa.

Therefore the spacing of the columns should be reduced.

1000

EXAMPLE 3-6 The free-standing 200 mm concrete block wall shown in Fig. 3-10 is
unreinforced and ungrouted. If Type S mortar has been used and if the mean mortar bed
width for the block is 37.7 mm, what wind pressure p, in kN/m?, will produce limiting
tensile stresses in the wall: (a) neglecting the self weight of the wall, and (b) including
the self weight of the wall?

1.0m strip

17.7

. wind pressure
P kN/P

» Section

|
|
|
[
I
|
|
h=3m ]
|
|
|
|
|
I
!

Elevation End elevation

is Fig.3-10 Wall analyzed in Example 36

Note 1. The Notes on Table 6 of S304.1 limits the tensile strength f,
Jor free-standing cantilever walls to 0.1 MPa.
2. The unit weight of solid concrete masonry may be taken as

21.0 kN/m’* and the blocks may be assumed to be 50% solid.
; Since the wall is acting as a vertical cantilever, tensile stresses produced by the
[ wind will be normal to the bed joints. The limiting tensile stress is ¢ f, =
' 0.55(0.1) = 0.055 MPa.

For a 1.0 m strip

The effective section will be the same as that shown in Fig. 3-9.
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2 | 2
I L‘LL%(Z;‘D_:mud\I-m/m

LEary

standa1d tmss type joint reinforcement every second course, where the area of one
11.2 mm®. Recalling that joint reinforcement may have limited yielding capability,
ana1y51s may be performed with the joint remforcement Just at the y1eld stress, f

ng modulal ratio n = Ey/E,, = 200,000/10,350 = 19.3, and steel ratio for the tensmn
= A4/bd = 11. 2/400(126) = 0.00022, the pos1t10n of the neutral ax1s can be found

‘;/ np)? +2np —np = \f (0.00022)(19. 3)) +2(o 00022)19 3-0. 00022(019 3)
- 0.0884

1-k/3=097
f¢sA f,Jd =0.85(11. 2)(400)(0 97(126))
,0465><106 N-mm/0.4 m =1164 KN -m/m > M, =1.01kN - m/m

gth is adequate but it is still necessauy to check that elastic analys1s is appropnatc

d 0.0884
, 26(b) En =t y[djkd]: 2(

0.9116
ritat 057, of about £, = (13.8/2)/10,350 = 0.0008.

) 0.000194, Which is well Withmthc .

’B 4 Example 6 6 De5|gn of Nonloadbearmg Wall

ment required for a 15 cm holl
tally to carry 1.0 kN/m2 unf
10,350 MPa.

Flexural Walls C

KN/m® and is simply supported at the top and bottom. The concretc block has a

an unreinforced wall, and

Reinforced Flexural Wall Design Examples

A4m h1gh nonloadbearmg concrete block masonry wall is sub_]ect to wind
ive strength of 15 MPa and Type S mortar is used. Design

einforced wall.
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